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1  | INTRODUC TION













chronic	 headache,	 stroke	 and	 hydrocephalus	 (Garcia,	Nash,	 &	Del	
Brutto,	2014).	NCC	 is	 responsible	 for	an	estimated	5	million	cases	
of	epilepsy	worldwide,	making	 it	 the	 leading	cause	of	preventable	
epilepsy	 in	 the	developing	world	 (Nash,	Mahanty,	&	Garcia,	2013;	
Torgerson	et	al.,	2015).
Although	theoretically	eradicable	(CDC,	1993),	high	levels	of	ac-
tive	parasite	 transmission	continue	 in	many	 low-	income	countries,	








Effective	tools	for	control	of	T. solium are available and include 
anthelmintics	 for	humans	and	pigs,	a	pig	vaccine,	and	non-	specific	
measures	 including	 health	 education,	 improvements	 to	water	 and	
sanitation,	and	management	of	pigs.	While	numerous	 field	studies	
have	 attempted	 to	 control	T. solium	 using	 one	 or	more	 tools	with	




































2.2 | Study design and delivery
CYSTISTOP	is	a	community-	based	 interventional	pilot	project	that	
began	in	Zambia	in	2015.	While	CYSTISTOP	will	continue	until	late	
2020,	 the	 study	 at	 hand	 relates	 specifically	 to	 data	 collected	 via	
FGDs	 and	QS	 conducted	 in	 the	 elimination	 (November	 2016)	 and	
control	(March	2017)	study	arms.
2.2.1 | Interventions
In	 the	 ‘elimination’	 study	arm	 (Nyembe	community),	 integrated	 in-
tervention	 strategies	 consisted	 of	 human	 mass	 drug	 administra-
tion	with	an	anthelmintic	(praziquantel,	PZQ	at	10	mg/kg	orally	for	
most	participants,	or	niclosamide	at	2	g	orally,	 for	 individuals	who	
tested	 serologically	 positive	 for	 CC	 at	 baseline),	 plus	 deworming	
(oxfendazole,	 OFZ	 at	 30	 mg/kg	 orally)	 and	 vaccination	 (TSOL-	18	
1	ml	 intramuscularly)	of	pigs.	These	 interventions	were	conducted	
at	 four-	monthly	 intervals.	 In	 the	 ‘control’	 study	 arm	 (Chimvira	
K E Y W O R D S
communicable	disease	control,	focus	groups,	parasites,	public	health,	surveys	and	
questionnaires,	Taenia solium








canvas	poster	of	 the	T. solium	 life	cycle,	A4-	sized	 laminated	photo-
graphs	 of	 the	 parasite's	 different	 developmental	 stages,	 life-	sized	
plasticine	models	of	human	stool	containing	tapeworm	segments	and	
a	 five-	metre	 long	 ribbon	 to	 represent	 the	actual	 size	and	 length	of	
the	 adult	 tapeworm.	 Sessions	were	 approximately	 30	min	 in	 dura-
tion	and	encouraged	input	and	questions	from	the	audience.	Other	
educational	 activities	 included	 simple	A4-	sized	 informational	 flyers	
which	were	distributed	and	explained	to	individual	households,	larger	
educational	 posters	 that	 were	 permanently	 displayed	 at	 the	 rural	
health	 centres	 and	 educational	workshops	 for	 primary	 school	 stu-






eligible	 humans	 and	 pigs	 were	 collected	 by	 trained	 medical	 and	
veterinary	 members	 of	 the	 project	 team,	 respectively,	 according	
to	standard	hygienic	venipuncture	practices.	Human	stool	samples	
were	 donated	 by	willing	 individuals	 following	 distribution	 of	 stool	
pots	by	project	team	members.
2.2.3 | Data collection
Perceptions	 of	 the	 project's	 delivery	 and	 value	were	 qualitatively	














request	 from	QS	survey	 teams	during	 the	pre-	testing,	but	specific	
terminology	and	translations	into	Chewa	were	discussed	and	agreed	
upon	during	 training	sessions	prior	 to	 implementation	 in	 the	 field.	
The	 QS	 were	 entered	 into	 the	 electronic	 mobile	 data	 collection	




QS	were	 administered	door-	to-	door	 in	Chewa	by	 trained	program	
staff,	 ideally	with	the	household	head	or,	 if	 they	were	unavailable,	




2.2.5 | Focus group discussions (FGDs)
Discussion	themes	(File	S3)	were	developed	by	study	team	members	





All	 FGDs	 were	 conducted	 in	 Chewa	 by	 the	 same	 trained	 fa-
cilitator	 from	 the	University	of	Zambia,	who	was	 independent	of	





combined	 (Table	1),	 and	group	 sizes	 ranged	 from	 five	 to	 ten	par-
ticipants	 depending	 on	 the	 size	 of	 the	 village/s	 that	were	 repre-
sented.	Adult	participants	aged	18	years	or	older	were	purposively	
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(willingness	 to	 speak	 their	 minds	 and	 engage	 in	 the	 discussions)	
and	being	 representative	of	different	areas	of	 the	community,	 as	
well	 as	 their	 individual	 availability	 and	willingness	 to	 participate.	
















The	 protocol	 and	 procedures	 for	 the	 ongoing	CYSTISTOP	 project	
were	reviewed	and	approved	by	the	University	of	Zambia	Biomedical	
Research	 Ethics	 Committee	 (004-	09-	15,	 covering	 both	 human	
and	 animal	 ethical	 clearance)	 and	 the	 Ethical	 Committee	 of	 the	
University	of	Antwerp,	Belgium	(B300201628043,	EC	UZA16/8/73)	
as	well	as	the	Institutional	Review	Board	of	Ross	University	School	
of	 Veterinary	 Medicine,	 St	 Kitts.	 The	 study	 was	 introduced	 and	
explained	to	all	project	participants,	both	 in	village	group	sessions	
and	 within	 individual	 households,	 during	 each	 field	 visit.	 Written	
informed	 voluntary	 consent	 was	 given	 by	 all	 participants	 in	 the	
CYSTISTOP	project,	and	participation	in	QS	and	FGD	activities	was	
































Name/s of villages represented in focus 
group discussion
Number of focus 
group discussions
No. of attendees – 
Male group
No. of attendees – 
Female group




Elimination study arm 8 25 34 59 1,027
Chikhutu 2 8 10 18 289
Kayela-	Zonde* 2 6 9 15 224
Mtalalika 2 5 6 11 272
Safari 2 6 9 15 242
Control study arm 10 41 44 85 1,347
Azele-	Chimphafa-	Chibweza-	Kamlawe* 2 6 9 15 181
Chimvira 2 8 8 16 367
Kabonga 2 8 8 16 236
Kamkulekule-	Chikuse-	Kamvumvuli* 2 9 9 18 311
Mkambi-	Mfunanji* 2 10 10 20 252
Totals 18 66 78 144 2,374
*Villages	were	combined.	
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area,	with	89%	 (101/113)	of	 respondents	 from	elimination	villages	
participating	in	at	 least	one	educational	activity,	compared	to	46%	
(52/114)	 in	 the	 control	 study	 arm	 in	 which	 educational	 activities	
were	 delivered	much	 less	 frequently.	 The	 village	 educational	 sen-













the	 time	of	 the	 visits,	 including	working	 in	 the	 fields,	 caring	 for	 a	










edly	 experienced	by	33	 individuals	 (29%	of	 the	113	 respondents),	
the	most	common	being	dizziness	(17/113,	15%),	followed	by	head-
ache	(10/113,	9%),	and	then	diarrhoea	(5/113,	4%),	all	of	which	were	
described	 as	mild	 and	 self-	limiting.	Of	 the	 33	 people	who	 report-
edly	experienced	side	effects,	23	(70%)	reported	a	single	complaint,	
while	 nine	 individuals	 experienced	 two	 and	one	 individual	 report-












indicated	that	 they	would	do	so	at	 the	next	round.	One	pig	 in	 the	








3.2 | Focus group discussions (FGDs)
A	 total	 of	 144	 people	 participated	 in	 the	 18	 FGDs:	 59	 from	 the	
elimination	 study	 arm	 and	 85	 from	 the	 control	 study	 arm.	 Total	
male	and	female	proportions	were	46%	and	54%,	respectively.	The	
results	highlight	 the	different	 themes	 that	arose	during	 the	analy-










3.2.1 | People's perceptions of human treatments 
(elimination study arm only)
Many	people	stated	 that	 they	had	noticed	better	overall	health	 in	
themselves	 or	 family	 members	 since	 taking	 the	 treatments,	 with	
specific	 examples	 including	 increases	 in	weight	 and	 appetite,	 less	
bloating	 and	 improved	 bowel	 functions.	 Additional	 reported	 ben-




last	 time	 I	drank	the	medicine,	 I	have	not	had	head-










fects	 from	 the	medication,	 including	headache,	dizziness,	 abdominal	
pain,	vomiting	and	constipation.	These	were	all	described	to	be	mild	
and	self-	limiting.





3.2.2 | People's perceptions of human blood and 
stool sampling for diagnosis (both study arms)
Several	respondents	from	both	study	arms	expressed	initial	distrust	
in	 the	program's	 requests	 for	 stool	and	blood	sampling,	which	 led	














Groups	 acknowledged	 the	 high	 numbers	 of	 people	 experienc-
ing	 seizures	 in	 their	 villages,	 and	 some	 indicated	 that	 diagnosing	














During	 the	FGDs,	 there	was	consensus	 that	 the	 initial	 fears	and	
distrust	in	the	program	had	disappeared	over	time.	People	cited	devel-
oping	trust	in	the	program	team	over	time,	improved	knowledge	after	
attending	 educational	 sessions,	 understanding	 the	 rationale	 behind	














Personally	 I	 was	 very	 happy	 to	 test	 negative	 from	
the	 samples	 that	 I	 submitted.	 I	 would	 be	 more	
than	 willing	 to	 be	 tested	 again.	 Who	 knows	 I	 may	
be	 infected	 this	 year,	 2017.	 (Focus	 group/Men/




















3.2.3 | People's perceptions of pig interventions 
(oral medication in both study arms, additional 
vaccination in elimination study arm only) and blood 





















cerns	 that	 the	 pig	 interventions	 and/or	 blood	 sampling	 activities	
were	responsible	for	the	pig	deaths	in	the	area.	Most	respondents	
went	 on	 to	 say	 that	 it	was	 generally	 accepted	 that	 the	 pigs	were	
dying	due	 to	ASF,	often	after	 learning	 that	pigs	outside	 the	 treat-
ment	areas	were	similarly	affected.










of	 the	 treatment.	 Taking	 a	 close	 look,	 we	 realize	
that	even	pigs	from	far	areas	including	our	neigh-










W5:	 Many	 are	 complaining	 saying	 those	 injections	
that	were	given	resulted	in	my	pig	dying.




those	 that	 had	 been	 treated	with/without	 vaccinations	 appeared	 in	
good	health:
Those	[treated	pigs]	with	ear	tags	look	different	from	





…Hearing	 from	 those	 who	 slaughter	 pigs,	 they	 say	
they	are	encountering	very	few	pigs	with	cysts,	and	
when	they	do	the	cysts	appear	destroyed.	We	have	
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testimony	 that	 the	 medication	 really	 cures	 the	 dis-
ease.		 (Focus	group/Women/Mtalalika/Elimination	
study	arm)











if	you	have	 the	 tapeworm	the	pigs	can	contract	 the	
disease.	 When	 such	 a	 pig	 is	 eaten,	 man	 gets	 back	




Even	 in	 instances	 where	 a	 person	 had	 confused	 parts	 of	 the	
life	 cycle	 (for	 example,	 incorrectly	 stating	 that	 epilepsy	 is	 caused	
by	eating	infected	pork),	they	were	still	able	to	correctly	state	the	




and	many	 also	 reportedly	 encouraged	 their	 children,	 families	 and	
others	to	do	so.
3.2.5 | Reported behavioural changes arising as a 
result of the program (both study arms)
In	 all	 groups,	 respondents	 reported	 implementing	 behavioural	
changes	 in	order	to	reduce	 ‘risky’	behaviours	that	promote	dis-
ease	transmission.	There	was	consensus	across	both	study	areas	
that	 since	 the	 program's	 commencement	 there	 was	 much	 in-
creased	 usage	 of	 latrines,	 including	 for	 the	 disposal	 of	 babies’	
and	children's	excrement,	 and	more	 regular	handwashing	using	
soap	 or	 ash,	 including	 after	 using	 the	 toilet,	 before	 preparing	
food	 and	 breastfeeding	 babies.	 Behavioural	 changes	 relating	
to	food	hygiene	included	increased	use	of	dish	racks	to	elevate	
cooking	equipment	from	the	ground;	proper	cooking	of	pork	in-
stead	of	 only	 roasting	 the	outside;	 and	 increased	meat	 inspec-
tion	by	 local	environmental	health	workers,	 leading	 to	 infected	
pork	or	pig	carcasses	being	buried	or	destroyed	instead	of	sold	
or	 eaten.	Many	 people	 also	 recognized	 the	 crossover	 benefits	
of	 these	practices	 in	preventing	other	–	particularly	diarrhoeal	
–	diseases.
Coming	to	the	 issue	of	pork,	 in	 the	past	we	used	to	
eat	infected	meat	without	realizing	the	risks	involved.	
Even	 after	 noticing	 that	 it	 was	 infected	 with	 ‘mas-
ese’,	we	could	still	go	ahead	and	eat.	The	coming	of	
this	program	has	seen	an	 improvement	 in	 that	area.	
People	 now	ensure	 that	 slaughtered	 animals	 are	 in-
spected	 first	 before	 consumption.	 If	 it	 is	 found	 to	

















I	 also	 learned	 that	 even	 those	 that	 do	 not	 eat	 pork	
can	be	infected.	Water	can	wash	away	the	eggs	and	


























Many	groups	discussed	the	absence	of	 latrines	 in	or	near	 the	
planting	fields,	which	are	often	located	quite	some	distance	from	
the	 villages.	 While	 open	 defecation	 was	 normally	 practised	 in	
these	 areas	 in	 the	past,	most	 groups	were	 reportedly	now	using	
the	‘cat	method’,	in	which	a	hole	is	dug	and	excreta	buried	to	pre-
vent	 scavenging	 pigs	 from	 accessing	 it.	 The	 value	 of	 preventing	








So	 they	 said	 they	 were	 not	 there	 to	 stop	 us	 from	
keeping	pigs	but	find	alternative	means	and	ways	of	
preventing	diseases	in	both	pigs	and	humans.		(Focus	
group	 /	 Men	 /	 Mkambi-Mfunanji	 /	 Control	 study	
arm)
Repeated	 educational	 sessions	were	 reportedly	 effective	 at	 dis-
pelling	 people's	 initial	 fears	 and	 distrust	 in	 the	 program,	 especially	
with	 regards	 to	 Satanism.	The	 enthusiasm	with	which	many	 people	
participated	in	interventions	and	sampling	was	cited	as	proof	of	their	
confidence	in	and	appreciation	for	the	program:
Moderator:	What	 happens	when	 the	 vehicles	 come	
into	your	villages?
W6:	The	kids	shout	that	there	go	the	‘masese’	people!
W1:	Kids	 now	drag	 their	 parents	 saying,	 “Let	 us	 go	












was	 a	 privilege,	 and	 that	 they	 felt	 a	 responsibility	 to	 educate	




…We	were	 taught	 that	we	 need	 to	wash	 our	 hands	
after	using	the	toilet.	Now	some	people	may	go	with-














(such	as	 refilling	 the	hand	washing	stations,	adding	ash	 to	 the	pit	







…Some	 people…still	 do	 not	 have	 toilets,	 dish	 racks,	
bathing	shelter	and	other	facilities.	That	is	why	women	
complain	about	some	of	these	men.	They	have	got	too	










leaders,	 on	 the	 other	 hand,	 are	 almost	 always	male	 (‘headmen’).	
Headmen	 can	 implement	 rules	 of	 conduct	 for	 all	 individuals	 in	
their	 villages,	 and	 can	 be	 appealed	 to	 discipline	 people	 for	 bad	
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behaviour,	or	 to	 intervene	 in	household	or	neighbourly	disputes.	









participate	 in	 the	 project	 were	 among	 the	 key	 selection	 criteria	
for	enrolment	in	the	project.	The	area	chiefs	and	village	headmen	










vocalizing	 their	 support	 of	 the	 project	 during	 the	 village-	based	




3.2.7 | People's recommendations for the program 
in future (both study arms)
All	 groups	were	 united	 in	 requesting	 that	 the	 program	 continue,	
both	for	the	health	benefits	of	the	human	and	pig	treatments,	and	
for	 the	ongoing	education	of	people	who	may	have	been	absent,	




some	 take	 time	 to	 assimilate	 and	 understand.	 You	





One	 person	 suggested	 that	 the	 program	 could	 broadcast	 educational	
sessions	on	the	local	radio	station,	as	an	effective	way	of	spreading	the	







tions	 (human	 and	 pig	 treatments	 and	 sampling)	 and	 educational	
sessions	in	the	study	areas	are	appreciated	and	valued	by	the	local	
communities.	 This	 can	 be	 inferred	 from	 direct	 testimonials	 from	
FGD	participants,	as	well	as	by	the	high	participation	rates	 in	pro-







respondents	 had	 reportedly	 discussed	 the	 program's	 educational	
content	with	family	members	and	friends,	which	is	likely	to	have	en-
hanced	knowledge	uptake	and	transfer	in	these	communities.
Perceived	 benefits	 of	 the	 intervention	 activities	 included	 pur-
portedly	healthier	people	and	pigs,	fewer	cysticerci	in	pig	carcasses	
during	 slaughter,	 and	 higher	 awareness	 and	 understanding	 of	 the	












tegration	with	water,	 sanitation	 and	hygiene	 intervention	 (WASH)	
and/or	 community-	led	 total	 sanitation	 (CLTS)	 programs	 in	 future.	












pig	 thieves.	Similar	 results	and	barriers	 to	pig	confinement	were	




and	 until	 sustainable	 alternative	 solutions	 can	 be	 found,	 other	
control	tools	must	be	relied	upon	to	prevent	pigs	accessing	human	
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faeces	 in	 these	 areas.	 Construction	 and	 use	 of	 latrines	must	 be	
encouraged,	while	 also	acknowledging	 the	 ‘cat	method’	of	bury-
ing	 faeces	when	no	 latrine	 is	available,	 such	as	when	people	are	
out	 in	 the	 remote	planting	 fields,	as	a	 realistic	alternative.	Some	
FGD	participants	proposed	 that	 their	 village	headmen	could	 im-








that	 ASF	 was	 responsible	 for	 the	 heavy	 pig	 losses	 in	 the	 study	
areas	(from	500	to	700	pigs	in	each	study	area	in	mid-	2015,	to	ap-




during	 vaccination	 and	 to	 a	 lesser	 extent	 blood	 sampling,	 as	 op-
posed	to	the	oral	deworming	of	pigs.	It	was	indeed	observed	during	
subsequent	 intervention	 rounds	 that	 some	 pig	 owners	 refused	
vaccination	for	their	pigs	but	allowed	the	oral	treatments,	whereas	
others	were	reportedly	hiding	their	pigs	from	the	study	teams	al-




One	 key	 finding	 from	 this	 study	 has	 been	 that	 the	 human-	




field,	 in	 which	 the	 pig	 owners,	 although	 few	 in	 number,	 required	
many	repeated	visits	and	discussions	before	some	were	finally	con-
vinced	to	catch	their	pigs	for	interventions.	This	reluctance	may	be	




management	 decisions.	 If	 a	 combined	CC-	ASF	 vaccine	was	 devel-
oped,	it	would	be	likely	to	greatly	enhance	pig	owner	compliance	in	
co-	endemic	areas.













alcohol	 consumption	 is	 known	 to	 be	 significantly	 associated	 with	
infectious	diseases,	especially	 in	 sub-	Saharan	Africa	 (Rehm,	2011).	
Furthermore,	alcoholic	individuals	may	be	more	likely	to	have	poor	
personal	hygiene,	which	is	itself	a	risk	factor	for	CC.	For	groups	of	







This	 study	has	 limitations.	While	attempts	were	made	 to	mini-
mize	bias	in	the	study	participants	during	data	collection,	individu-
als	may	have	been	reporting	socially	desirable	rather	than	accurate	
responses.	 This	may	have	 led	 to	over-	reporting	of	 participation	 in	




not	 have	 been	 representative	 of	 all	 individuals,	 and	 less	 common	
perceptions	or	responses	may	not	have	been	captured	during	data	

















disease	 transmission.	 In	 Tanzania,	 some	 communities	 voluntarily	





tions	 by	 the	 local	 communities.	 Designing	 long-	term	 intervention	
strategies	that	incorporate	biosocial	as	well	as	chemotherapeutic	and	
educational	strategies	is	likely	to	enhance	successful	adoption	of	inte-
grated	T. solium	 interventions	by	communities,	and	thereby	 increase	
effectiveness	of	control	or	elimination	programs	in	future.	This	study	
indicates	 that	T. solium	 control	 interventions	utilizing	education	and	
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compliance	 over	 time.	 The	 reported	 willingness	 of	 respondents	 to	
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